NMR structural studies on membrane proteins  by Ramamoorthy, Ayyalusamy
Available online at www.sciencedirect.com
Biochimica et Biophysica Acta 1768 (2007) 2947–2948
www.elsevier.com/locate/bbamemPreface
NMR structural studies on membrane proteinsFig. 1. Transport of ions, atoms, molecules, drugs, and signal by a membrane
protein.
Fig. 2. Rate of structure determination of globular and membrane_associated
proteins. Figure taken from Protein Sci. 13, 1948 (2004).Membrane proteins associated with biological cell mem-
branes are an exciting class of molecules with a googolplex of
biological activities (Fig. 1). They act as receptors and enzymes,
as transporters of ions and molecules, and have significant roles
in the assembly, fusion, and structure of cells and viruses.
Improper functioning of membrane proteins has been directly
linked to cancer, heart disease, aging, infectious diseases
including AIDS, epilepsy, memory loss, etc. Therefore,
membrane proteins have become an immediate target for most
pharmaceutical industries.
A complete understanding of protein function and
biological mechanism of action can only be accomplished
with knowledge of the three-dimensional structure of the
protein at atomistic-level resolution. While membrane-asso-
ciated proteins constitute about 30% of known proteins, only
less than 1% of the structures reported in the Protein Data
Bank are membrane protein structures. Structural studies
using solution NMR and crystallography have provided
important insights into the functional aspects of water-soluble
biological molecules; however, extending these studies to
membrane-associated molecules has been a great challenge.
This is mainly because they are not easy to crystallize for X–
ray studies. In addition, suitable model membranes, such as
lipid bilayers, containing a membrane protein reorient very
slowly on the NMR time scale and therefore behave like an
anisotropic system that cannot be easily studied using well-
developed solution NMR techniques. Nevertheless, recent
studies have overcome some of these difficulties and an
interesting number of structures have recently been solved.
Indeed the rate at which membrane proteins are being solved
now resembles that of the structural studies of globular
proteins a couple of decades ago (Fig. 2).
A great deal of progress has recently been made in obtaining
structures of membrane proteins using NMR studies. Both
solid-state NMR spectroscopy of lipid bilayers/bicelles and
solution NMR spectroscopy of detergent/lipid micelles are
typically used to study the high-resolution structure, dynamics,
topology, membrane interaction, and function of a variety of
membrane-associated polypeptides and proteins. In addition,
new NMR techniques and model membranes are continuing to
be developed to study complex protein systems. However, a
number of questions and difficulties still remain to be
addressed. One of the key challenges in this field is in finding0005-2736/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbamem.2007.12.001a suitable model membrane in which a membrane protein can
fold natively, which could also result in high-resolution NMR
spectra for structural studies. While lipid bilayers are commonly
used for structural studies employing solid-state NMR
Fig. 3. Bilayer array of designed amphipathic molecules as stable model
membranes.
2948 Prefaceexperiments, more model membranes such as bicelles, nano-
tubes, and synthetic polymeric lipid bilayers (Fig. 3) are some of
the recent developments that will dramatically expand the
applications of NMR techniques to solve structures ofmembrane proteins. I am sure that the current developments
in the NMR field will lead us to a stage in the near future
where the scientific community will be comfortable in easily
solving a complex membrane protein structure.
This special issue covers the following topics: (1) latest
NMR studies on the structure, topology, and membrane
interaction of membrane proteins and peptides; (2) NMR
studies on membrane-associated protein-protein interactions,
dynamics, and oligomerization; and (3) novel approaches that
significantly advance NMR structural studies on membrane
proteins. I am sure that researchers in membrane biophysics,
NMR, and structural biology research areas will find the articles
in this issue to be exciting and useful for their research.
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